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(54) NUMERICAL CONTROL SYSTEM, AND METHOD OF ESTABLISHING COMMUNICATION 
TIMING IN NUMERICAL CONTROL SYSTEM 



(57) Performing communications between numeri- 
cal control apparatus 1a and peripheral devices (com- 
posed of at least one of a servo amplifier 2a, a spindle 
amplifier 3a and a remote I/O unit 4a) by connecting a 
numerical control apparatus 1a and peripheral devices 



using a communication cable composed of a pair of data 
transmission cables 7 fortransmission and a pair of data 
transmission cables 8, in a numerical control system 
having numerical control apparatus 1a and peripheral 
devices composed of at least one of a servo amplifier 
2a, a spindle amplifier 3a and a remote I/O unit 4a. 
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Description 

Technical Field 

[0001] The present invention relates to a numerical 5 
control system (hereinafter referred to as an NC system) 
wherein numerical control (hereinafter referred to as 
NC) apparatus and peripheral devices composed of at 
least one of a servo amplifier, a spindle amplifier and a 
remote I/O unit are serially connected or daisy-chained 
by using a communication cable composed of two data 
transmission cables, one for transmission and one for 
reception, in order to perform time-division-based com- 
munications between the numerical control apparatus 
and the peripheral devices, and a method for setting a 
communication timing in the numerical control system. 

Background of the Invention 

[0002] Fig. 1 8 shows a configuration of NC apparatus 
as a related art example, where components in the NC 
apparatus are interconnected via a network. In the fig- 
ure, a numeral 50 represents a numerical controller 
(hereinafter referred to as an NC section) ,51 numerical 
control means (hereinafter referred to as NC means) for 
controlling the entire NC apparatus, 52 PMC control 
means for controlling a machine tool, 53 a first network 
controller for controlling a network 60, 54a, 54b shaft 
controllers, 55a, 55b shaft control means for controlling 
a servo driving system, 56a, 56b second network con- 
trollers for controlling the network 60, 57 a screen con- 
troller, 58 screen control means for controlling I/O ap- 
paratus such as a CRT/MDI, and 59 a third network con- 
troller for controlling the network 60. The NC apparatus 
is composed of an NC section 50, shaft controllers 54a, 
54b, and a screen controller 57. These components are 
interconnected via the network 60. 
[0003] Fig. 19 shows a connection between NC ap- 
paratus, driving amplifiers and remote I/O units as a re- 
lated art example. In the figure, a numeral 61 represents 
NC apparatus, 62 (62a, 62b) servo amplifiers for driving 
a servo motor (not shown), 63 (63a, 63b) spindle ampli- 
fiers for driving a spindle motor (not shown), 64 (64a, 
64b) remote I/O units as external l/Os of the NC appa- 
ratus 61 , and 65 (65a, 65b) line terminals. A numeral 66 
(66a-66f) represents ID setup switches mounted on the 
servo amplifiers 62, spindle amplifiers 63 and remote I/ 
O units 64 connected to the NC apparatus 61 in order 
to assign a station address and a communication time. 
A numeral 67 (67a, 67b) represents a communication 
hardware setup switches mounted on the remote I/O 
units. 

[0004] A numeral 70 represents a data transmission 
cable for communications from the NC apparatus 61 to 
the servo amplifiers 62 and the spindle amplifiers 63 
(hereinafter referred to as driving amplifiers), 71 a data 
transmission cable for communications from the driving 
amplifiers to the NC apparatus 61 , 72 a data transmis- 



sion cable for an emergency stop signal, and 73 a data 
transmission cable for a servo alarm. A servo commu- 
nication line 74 is composed of four pairs of the afore- 
mentioned data transmission cables 70 through 73. A 
remote I/O communication line 76 is composed of a data 
transmission cable 75 for communications between the 
NC apparatus and the remote I/O units. 
[0005] The NC apparatus 61 is connected to the driv- 
ing amplifiers (servo amplifiers 62, spindle amplifiers 63) 
and the servo communication lines 74 and the connec- 
tion is terminated by the line terminal 65a. The NC ap- 
paratus is connected to the remote I/O units 64 and the 
remote I/O communication line 76 and the connection 
is terminated by the line terminal 65b. 
[0006] Fig. 20 shows a serial connection between NC 
apparatus and driving amplifiers as a related art 
example . In the figure, a numeral 61 represents NC ap- 
paratus, 62 (62a, 62b) servo amplifiers 63 (63a, 63b) 
spindle amplifiers, 77 a transmission controller, and 78 
a receiving controller. As shown in the figure, the NC 
apparatus 61 , the servo amplifiers 62 (62a, 62b) and the 
spindle amplifiers 63 (63a, 63b) each has a transmission 
controller 77 and a receiving controller 78 used as a pair. 
[0007] Fig. 21 shows communications in the NC sys- 
tem (one communication cycle) as a related art exam- 
ple. Fig. 21 (a) shows communications between NC ap- 
paratus and driving amplifiers (one communication 
cycle) . Fig. 21 (b) shows communications between NC 
apparatus and remote I/O units (one communication cy- 
cle). 

[0008] In Fig. 21(a), a numeral 80 (80a, 80b) repre- 
sents communication frames transmitted from NC ap- 
paratus to driving amplifiers, and 81 (81 a-81 g) commu- 
nication frames transmitted from a driving amplifier to 
NC apparatus. Communications between NC apparatus 
and driving amplifiers use a bidirectional full-duplex 
communication system via a pair of data transmission 
cables 70 and a pair of data transmission cables 71 , as 
shown in Fig. 19. 

[0009] In the communications from NC apparatus to 
driving amplifiers using the data transmission cable 70, 
the NC apparatus 61 as a master station an arbitrary 
number of communication frames 80 to destination driv- 
ing amplifiers in an arbitrary time during a communica- 
tion cycle. A driving amplifier as a slave station constant- 
ly supervises the communication frames 80 transmitted 
from the NC apparatus 61 via the receiving controller 78 
shown in Fig. 20 and receives the communication 
frames destined for the driving amplifier. 
[001 0] In the communications from a driving amplifier 
to NC apparatus using the data transmission cable 71 , 
any one of a plurality of driving amplifiers may serve as 
a master station. Thus, the communication cycle under- 
goes time-division via a plurality of driving amplifiers and 
shared by the driving amplifiers and a driving amplifier 
as a master station transmits communication frames 81 
(81 a-81 g) in a split communication time assigned. The 
NC apparatus 61 as a slave station receives the com- 
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munication frames 81 transmitted from the other master 
stations on a per split communication time basis. 
[0011] In Fig. 21(a), a numeral 82 (82a-82e) repre- 
sents communication frames transmitted from the NC 
apparatus 61 to the remote I/O units 64, and 83 (83a- 
83e) communication frames transmitted from the re- 
mote I/O units 64 to the NC apparatus 61 . As shown in 
Fig. 1 9, communications between NC apparatus and re- 
mote I/O units use a half-duplex communications sys- 
tem where the data transmission cable 75 for commu- 
nications between NC apparatus and remote I/O units 
is shared by the NC apparatus 61 as a master station 
and a plurality of remote I/O units 64 and data is trans- 
mitted based on time division of a communication cycle. 
[0012] One of the NC apparatus 61 and a plurality of 
remote I/O units 64 acts as a mater station and transmits 
communication frames 82 or communication frame 83. 
Devices other than the master station supervise the 
transmitted communication frames 82 as slave stations 
and receive communication frames 82 destined there- 
for. 

[0013] In the aforementioned Fig. 21(a) and Fig. 21 
(b), in communications from a driving amplifier or remote 
I/O unit to NC apparatus, any one of a plurality of driving 
amplifiers and remote I/O units may serve as a master 
station. Thus, in order to perform time-division-based 
communications from a remote I/O unit to NC appara- 
tus, communication time must be assigned so that the 
remote I/O units will not use time-division-based com- 
munication time in a overlapped fashion. Assignment of 
a station addresses and communication times is made 
by specifying ID numbers by using the ID setup switches 
66. 

[0014] Fig. 22 shows a configuration of a communi- 
cation frame as a related art example. In case a plurality 
of slave stations exist, slave stations each is given its 
own station address. The master station specifies a spe- 
cific slave station to perform communications with the 
slave station alone. In the figure, a numeral 84 repre- 
sents a start flag, 85 a station address, 86 data, 87 a 
CRC (cyclic redundancy check), and 88 an end flag. The 
slave station supervises the station address 85 in the 
transmitted communication frame. The slave station re- 
ceives the communication frame in case the station ad- 
dress has matched the pre-allocated station address or 
the station address specifies all the slave stations. 
[0015] As mentioned earlier, in a related art NC sys- 
tem, communications between NC apparatus and driv- 
ing amplifiers use a communications method including 
a communication cycle different from that communica- 
tions between NC apparatus and remote I/O units, as 
shown in Figs. 21(a) and 21(b). Thus the driving ampli- 
fiers and remote I/O units are connected to the NC ap- 
paratus via separate transmission lines as shown in Fig. 
19. This leads to a problem of increased number of ca- 
bles and more complicated wiring. 
[0016] Fig. 23 shows communications (one commu- 
nication cycle) as a related art example. By executing 



time-division of a communication cycle using a plurality 
of peripheral devices composed of driving amplifiers 
and remote I/O units, communications are performed 
while driving amplifiers and remote I/O units having dif- 

5 ferent communication cycles are connected to the same 
transmission line. This configuration uses a single com- 
munication line, unlike a plurality of separate communi- 
cation lines used as communication cables for driving 
amplifiers and communication cables for remote I/O 

10 units. 

[0017] Fig. 23 shows the use state of the communi- 
cation time of communication frames used in communi- 
cations from NC apparatus to peripheral devices (servo 
amplifiers, spindle amplifiers, remote I/O units) and 

15 communications from peripheral devices to NC appara- 
tus. In the figure, a numeral 89 (89a-89f) represents 
communication frames from NC apparatus to peripheral 
devices, 90 (90a-90f) communication frames from pe- 
ripheral devices to NC apparatus. In communications 

20 from numerical control to peripherals devices, numerical 
control may serve as a master station. As shown in the 
figure, communication frames 89 are output by NC ap- 
paratus as a master station at an arbitrary time within 
the communication cycles. 

25 [0018] In communications from peripherals devices to 
numerical control, any one of a plurality of peripheral 
devices may serve as a master station. Thus, the com- 
munication cycle undergoes time division and split com- 
munication times are assigned to peripheral devices 

30 without overlapping. A peripheral device acts as a mas- 
ter station only in the assigned time and communicates 
to NC apparatus as a slave station. As shown in the fig- 
ure, communication frames 90 destined for NC appara- 
tus are output from the peripheral device as a master 

35 station in the time assigned to the master station. 

[0019] As mentioned earlier, it is possible to perform 
communications by connecting peripheral devices hav- 
ing different communication cycles to the same trans- 
mission line. In case time division is made in the periph- 

40 eral device acting as a master station, it is necessary to 
perform communications in the shortest communication 
cycle. Thus the communication time is also assigned to 
devices that do not require a short communication cycle 
thereby worsening the communication efficiency. 

45 [0020] In a related art NC system, as sow in Fig. 19, 
communications between NC apparatus and driving 
amplifiers use two pairs of data transmission cables for 
reporting an emergency stop signal that is not used in 
ordinary communications, on top of two pairs of data 

50 transmission cables for data communications. This 
leads to higher costs with respect to features and use 
frequency. These cables also complicates the wiring. 
[0021 ] An approach is envisaged that two pairs of da- 
ta transmission cables for reporting an emergency stop 

55 signal are omitted by providing a communication frame 
dedicated to an emergency stop signal and communi- 
cating an emergency stop signal in a communication cy- 
cle by using two pairs of data transmission cables for 
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data communications. However, in case an emergency 
stop signal is transmitted in a dedicated communication 
frame, it is necessary to assign a time to accommodate 
a communication frame dedicated to an emergency stop 
signal in a communication cycle, thus requiring sufficient 
time. Further, in order to assure real-time conveyance 
of emergency stop information, it is necessary to insert 
a plurality of communication frames dedicated to an 
emergency stop signal in a communication cycle. When 
sufficient time is not available to follow such a proce- 
dure, quick conveyance of emergency stop information 
is disabled. 

[0022] In case a communication frame dedicated to 
an emergency stop signal is not provided but emergen- 
cy stop information is appended in a communication 
frame for transmission used in ordinary communica- 
tions, it is necessary to check for emergency stop infor- 
mation on a per communication frame basis in order to 
detect emergency stop information in real time. This 
leads to a longer wait time in CPU processing caused 
by data retrieval from all the communication frames 
transmitted, thereby degrading the CPU performance. 
[0023] An approach is envisaged that optical trans- 
mission module supporting high-speed data transmis- 
sion are used in order to assure real-time conveyance 
of emergency stop information. 
[0024] However, in case data transmission is per- 
formed via serial connection using optical transmission 
modules as a plurality of driving amplifiers composed of 
servo amplifiers and spindle amplifiers, high-speed data 
transmission is effected via a lightwave signal in a fiber- 
optic cable but transmission delay is generated in a driv- 
ing amplifier, because it is necessary to convert a re- 
ceived lightwave signal to an electric signal, extract a 
data component and a clock component from the elec- 
tric signal, store the components in a buffer, then trans- 
mit the components in synchronization with a transmit 
clock. This transmission delay accumulates as often as 
the number of connected driving amplifiers so that a time 
lag occurs in a synchronization signal receiving time de- 
pending on the location of connection (in which ordinal 
rank from the NC apparatus the target driving amplifier 
is connected) even when a synchronization signal is 
transmitted from NC apparatus to a driving amplifier on 
a per communication cycle basis. This causes disloca- 
tion of the synchronization timing between driving am- 
plifiers even if the driving amplifier performs synchroni- 
zation at the moment it has received a synchronization 
signal. 

[0025] Fig. 24 shows the operation of a communica- 
tion control buffer in communications using optical 
transmission modules as a related art example. In the 
figure, a numeral 91 represents a communication con- 
trol buffer composed of a 32-bit FIFO (first-in, first-out), 
92 a write pointer, and 93 a read pointer. 
[0026] The write pointer 92 writes 1 -bit receive data 
in synchronization with the clock component of the re- 
ceive data and shifts the pointer by one bit. The read 



pointer 93 reads 1 -bit data from the communication con- 
trol buffer in synchronization with the clock component 
of the transmit data and shifts the pointer by one bit. 
Moving speed of the write pointer 92 does not match the 

5 moving speed of the read pointer 93. In case the trans- 
mit clock component is faster than the receive clock 
component, the read pointer 93 passes the write pointer 
92 thus causing the bit pattern of a flag to be generated 
inadvertently. In order to prevent the bit pattern of a flag 

10 from being generated inadvertently while processing ef- 
fective data, the number of data pieces in one-round 
transmit frame is limited so as to prevent the pointer 
passing phenomenon and the write pointer 92 is placed 
1 6 bits apart from the read pointer 93 each time the flag 

15 of a frame is received. 

[0027] In the aforementioned optical transmission 
module supporting high-speed transmission, restriction 
on the structure of bits in data is provided, such as "The 
number of successive 1 s or Os in transmission data shall 

20 be seven or below, " and "The incidence of 1 and 0 in 
transmission data is 50 percent, in order to normally ex- 
tract the data component and the clock component of 
receive data. In general a flag is appended at each of 
the head and tail of a transmit frame. When a bit struc- 

25 ture such as "01111110" is selected for a bit pattern as 
a flag and the bit pattern is transmitted more than once, 
the incidence of "Vis excessively higher than that 
of "0" thus considerably degrading the communication 
performance in the optical transmission module thus 

30 preventing successful extraction of data component and 
clock component. 

[0028] The method to set ID numbers using switches 
and to specify station addresses and communication 
times (transmit timing) for time-division-based commu- 

35 nications leads to higher costs due to increased number 
of parts including switches, cumbersome setting work, 
increased set time, and human setting errors. 
[0029] Communications in a related art NC system 
has a transmission controller and a receiving controller 

40 used as a pair. In this configuration, data communica- 
tions between driving amplifiers are disabled, for exam- 
ple, data transmitted by the servo amplifier 62a to the 
NC apparatus 61 cannot be received by the servo am- 
plifier 62b or the spindle amplifier 63b. Thus, data must 

45 be communicated by way of NC apparatus and high- 
speed inter-shaft correction is disabled. 
[0030] The invention has been proposed to solve the 
foregoing problems. The first object of the invention is 
to provide a numerical control system that allows effi- 

50 cient communications wherein numerical control appa- 
ratus and peripheral devices composed of at least one 
of a servo amplifier, a spindle amplifier and a remote I/ 
O unit are serially connected by using a communication 
cable composed of a data transmission cable fortrans- 

55 mission and a data transmission cable for reception in 
order to perform time-division-based communications 
between the numerical control apparatus and the pe- 
ripheral devices. 
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[0031 ] The second object of the invention is to provide 
a numerical control system that can transmit information 
related to emergency stop such as an alarm, gating off, 
and emergency stop in real time without using two pairs 
of twisted-pair cables dedicated to reporting of an emer- 5 
gency stop signal. 

[0032] The third object of the invention is to provide a 
numerical control system that can set station addresses 
and communication times (transmit timing) for time-di- 
vision-based communications without setting ID num- 10 
bers via switch operation. 

[0033] Another object of the invention is to provide a 
numerical control system that can perform synchronous 
control of a plurality of peripheral devices. 
[0034] Another object of the invention is to provide a 15 
numerical control system that can communicate be- 
tween peripheral devices . 

[0035] Another object of the invention is to provide a 
numerical control system that can transmit information 
related to emergency stop such as an alarm, gating off, 20 
and emergency stop to devices connected upstream 
(hereinafter referred to as upstream nodes) as well as 
devices connected downstream (hereinafter referred to 
as downstream nodes). 

[0036] Another object of the invention is to provide a 25 
numerical control system wherein, during data transmis- 
sion using optical transmission modules, even in case 
the write pointer is out of synchronization with the read 
pointer in the communication control buffer or in case 
the communication control buffer is reset, a bit pattern 30 
obtained after the read pointer has moved is not a spe- 
cific bit pattern serving as a flag. 
[0037] Another object of the invention is to provide a 
numerical control system that maintains communication 
performance by bring the number of 1 s and the number 35 
of 0s in balance for a start flag that is frequently used. 

Disclosure of the Invention 

[0038] A numerical control system of the invention is 40 
a system wherein numerical control apparatus and pe- 
ripheral devices composed of at least 0 ne of a servo am- 
plifier, a spindle amplifier and a remote I/O unit are se- 
rially connected by using a communication cable com- 
posed of a data transmission cable for transmission and 45 
a data transmission cable for reception in order to per- 
form time-division-based communications between said 
numerical control apparatus and said peripheral devic- 
es, characterized in that a communication cycle in com- 
munications between said numerical control apparatus so 
and said peripheral devices is split into a plurality of sub 
cycles in order to process data to be processed in said 
communication cycle in said split plurality of sub cycles. 
[0039] A numerical control system of the invention is 
a system characterized in that an emergency stop infor- 5 $ 
mation section is provided in a communication frame 
used in communications between said numerical control 
apparatus and said peripheral devices in order to pro- 



vide an emergency stop information section in each 
piece of data split into said plurality of sub cycles. 
[0040] A numerical control system of the invention is 
a system characterized in that a receiving controller in 
each of said numerical control apparatus and said pe- 
ripheral devices checks the emergency stop information 
section in the received communication frame irrespec- 
tive of the station address specified in the transmitted 
communication frame in case a receiving error has not 
occurred. 

[0041] A numerical control system of the invention is 
a system characterized in that a gating off system infor- 
mation section for specifying a system to be gated off in 
said communication frame, that said numerical control 
apparatus specifies a system to be gated off in said gat- 
ing off system information section before transmitting 
the frame to said peripheral device in case gating off is 
to be instructed, and that said peripheral device per- 
forms gates off said peripheral device on a per gating 
off system specified, by performing gating off when the 
system that belongs to the gating off system information 
section of a received communication frame is specified 
as a gating off system. 

[0042] A method for setting a communication timing 
in the numerical control system of the invention is a 
method wherein numerical control apparatus and pe- 
ripheral devices composed of at least one of a servo am- 
plifier, a spindle amplifier and a remote I/O unit are se- 
rially connected by using a communication cable com- 
posed of a data transmission cable for transmission and 
a data transmission cable for reception in order to per- 
form time-division-based communications between said 
numerical control apparatus and said peripheral devic- 
es, 

wherein said numerical control apparatus follows 
a step of transmitting a port connection confirmation 
command to said peripheral device in initial communi- 
cations, 

a step of recognizing the connection state of said 
peripheral devices and calculating the number of said 
peripheral devices connected and the transmission tim- 
ing of each of said peripheral devices from the number 
of model codes and the order of model codes appended^ 
to a port information command in case a response to a 
port connection confirmation command and a port infor- 
mation command are received from said peripheral de- 
vice, and 

a step of transmitting said calculated number of 
connections and transmission timing to said peripheral 
device as a node count notice command and a commu- 
nication timing setup command, and 

wherein said peripheral device follows, on receiv- 
ing said port connection confirmation command, a step 
of transmitting said response to a port connection con- 
firmation command to upstream nodes as well as trans- 
mitting said port connection confirmation command to 
downstream nodes, 

a step of appending a model code allocated to said 
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port information command in advance and transmitting 
the resulting command to upstream nodes, and 

a step of retaining said number of connections and 
transmission timing specified in said node count notice 
command and communication timing setup command 
in case said node count notice command and commu- 
nication timing setup command are received, 

characterized in that the communication timing of 
said peripheral device is automatically set via initial 
communications between said numerical control appa- 
ratus and said peripheral devices. 
[0043] A numerical control system of the invention is 
a system characterized in that said peripheral device, 
on receiving a synchronization frame transmitted from 
said numerical control apparatus in initial communica- 
tions, outputs a synchronization signal and calculates 
the time required for said peripheral device as the most 
downstream node to receive said synchronization 
frame. 

[0044] A numerical control system of the invention is 
a system characterized in that said peripheral device 
calculates a transmission timing that considers a trans- 
mission delay between peripheral devices based on the 
connection information transmitted from said numerical 
control apparatus in initial communications. 
[0045] A numerical control system of the invention is 
a system wherein said numerical control apparatus and 
said peripheral device each has a transmission control- 
ler for Port 1 , a receiving controller for Port 1 , a trans- 
mission controller for Port 2, and a receiving controller 
for Port 2, 

characterized in that said numerical control appa- 
ratus recognizes the connection state of said peripheral 
devices, calculates the number of said peripheral device 
nodes and the transmission timing of each of said pe- 
ripheral devices, calculates the transmission timing in 
communications between said peripheral devices from 
the data volume of communication frames transmitted 
to said peripheral devices and the data volume of com- 
munication frames transmitted by said peripheral devic- 
es in communications between peripheral devices, and 
transmits the transmission timing to said peripheral de- 
vices, 

and that said peripheral device retains the node 
count and transmission timing transmitted from said nu- 
merical control apparatus in initial communications as 
well as the transmission timing in communications be- 
tween peripheral devices in order to perform communi- 
cations between peripheral devices by using the trans- 
mission timing in the communications between periph- 
eral devices. 

[0046] A numerical control system of the invention is 
a system wherein said numerical control apparatus and 
said peripheral device each has a transmission control- 
ler for Port 1 , a receiving controller for Port 1 , a trans- 
mission controller for Port 2, and a receiving controller 
for Port 2, 

characterized in that said numerical control appa- 



ratus, on occurrence of an alarm, transmits alarm infor- 
mation to devices connected upstream of said transmis- 
sion controller for Port 1 as well as nodes downstream 
of said transmission controller for Port 2. 
5 [0047] A numerical control system of the invention is 
a system characterized in that information such as an 
alarm, gating off, and emergency stop included in a 
communication frame received by Port 1 receiving con- 
troller or Port 2 receiving controller is latched and the 
information is appended to a communication frame to 
be transmitted from a Port 2 transmission controller or 
Port 1 transmission controller. 

[0048] A numerical control system of the invention is 
a system characterized in that, in case the write pointer 
is out of synchronization with the read pointer in the 
communication control buffer or in case the communi- 
cation control buffer is reset, a first bit pattern output af- 
ter the read pointer has moved is not a specific bit pat- 
tern serving as a flag. 

[0049] A numerical control system of the invention is 
a system characterized in that dummy data is created 
for balancing the bit pattern of a start flag and the bit 
count in data transmission using optical transmission 
modules so as to transmit the dummy data in combina- 
tion with the start flag. 

Brief Description of the Drawings 

[0050] 

Fig. 1 shows a configuration of an NC system ac- 
cording to Embodiment 1 of the invention. 
Fig. 2 shows a structure of a communication frame 
used in communications between NC systems ac- 
cording to Embodiment 1 of the invention. 
Fig. 3 shows a flow of emergency stop information 
in an NC system according to Embodiment 1 of the 
invention. 

Fig. 4 shows communications between NC systems 
according to Embodiment 1 of the invention. 
Fig. 5 shows a structure of a communication frame 
used in communications between NC systems ac- 
cording to Embodiment 2 of the invention. 
Fig. 6 shows a connection between NC apparatus 
and servo amplifiers according to Embodiment 2 of 
the invention. 

Fig. 7 shows a command used in initial communi- 
cations in an NC system according to Embodiment 
3 of the invention. 

Fig. 8 is a flowchart in the initial communications on 
the NC apparatus in an NC system according to Em- 
bodiment 3 of the invention. 
Fig. 9 is a flowchart in the initial communications on 
the peripheral devices (driving amplifiers such as 
servo amplifiers and spindle amplifiers and remote 
I/O units) in an NC system according to Embodi- 
ment 3 of the invention. 

Fig. 10 is a flowchart in the initial communications 
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on the peripheral devices (driving amplifiers such 
as servo amplifiers and spindle amplifiers and re- 
mote I/O units) in an NC system according to Em- 
bodiment 3 of the invention. 
Fig. 11 shows the state of data transmission by an 
optical transmission module in an NC system ac- 
cording to Embodiment 4 of the invention. 
Fig. 1 2 shows a transmit frame transmission timing 
setup command for communications between servo 
amplifiers in an NC system according to Embodi- 
ment 5 of the invention, 

Fig. 13 shows a flow of data transmitted from NC 
apparatus to servo amplifiers in an NC system ac- 
cording to Embodiment 5 of the invention. 
Fig. 14 shows a flow of data transmitted from servo 
amplifiers to NC apparatus in an NC system accord- 
ing to Embodiment 5 of the invention. 
Fig. 1 5 is a logic diagram showing a feature to relay- 
transmit an emergency stop related signal in a com- 
munication controller in an NC system according to 
Embodiment 6 of the invention. 
Fig. 1 6 shows a feature to prevent occurrence of an 
unnecessary start flag in a communication control 
buffer in an NC system according to Embodiment 7 
of the invention. 

Fig. 1 7 shows a method for providing a balance with 
the bit count in a flag in data transmission using op- 
tical transmission modules in an NC system accord- 
ing to Embodiment 8 of the invention. 
Fig. 18 shows a configuration of NC apparatus as 
a related art example. 

Fig. 19 shows a connection between NC apparatus, 
driving amplifiers and remote I/O units as a related 
art example. 

Fig. 20 shows a serial connection between NC ap- 
paratus and driving amplifiers as a related art ex- 
ample. 

Fig. 21 shows communications in the NC system 
(one communication cycle) as a related art exam- 
ple. 

Fig. 22 shows a configuration of a communication 
frame as a related art example. 
Fig. 23 shows communications in the NC system 
(one communication cycle) as a related art exam- 
ple. 

Fig. 24 shows the operation of a communication 
control buffer in communications using optical 
transmission modules as a related art example. 

Best Mode for Carrying Out the Invention 

Embodiment 1 

[0051] Fig. 1 shows a configuration of an NC system 
according to Embodiment 1 of the invention, where com- 
munications are performed with driving amplifiers (servo 
amplifiers, spindle amplifier) and remote I/O units con- 
nected to the same transmission line. In the figure, a 



numeral 1a represents NC apparatus, 2a a servo am- 
plifier, 3a a spindle amplifier, 4a a remote I/O unit, 5 Port 
1, 6 Port 2, 7 a communication cable for transmission, 
8 a communication cable for reception, 11 a CPU for 

5 controlling the NC apparatus 1a, 12 a CPU for control- 
ling the servo amplifier 2a, 13 a CPU for controlling the 
spindle amplifier 3a, 1 4 a CPU for controlling the remote 
I/O unit 4a, 15 (15a, 15b, 15c, 15d) transmission con- 
trollers for Port 1 (P1), 16 (16a, 16b, 16c, 16d) receiving 

10 controllers for Port 1 (P1 ), 1 7 (1 7a, 1 7b, 1 7c, 1 7d) trans- 
mission controllers for Port 2 (P2), and 18 (18a, 18b, 
18c, 18d) receiving controllers for Port 2 (P2). 
[0052] An NC system shown in Fig. 1 comprises the 
NC apparatus 1a and peripheral devices composed of 

15 the servo amplifier 2a, the spindle amplifier 3a and the 
remote I/O unit 4a, said NC apparatus and said periph- 
eral devices serially connected using a single common 
communication line composedof the communication ca- 
ble for transmission 7 and a communication cable for 

20 reception 8. 

[0053] Fig. 2 shows a structure of a communication 
frame used in communications between NC systems 
according to Embodiment 1 of the invention, where an 
emergency stop information section is provided in a 

25 communication frame in order to convey an emergency 
stop signal over an ordinary transmission path. In the 
figure, numerals 84 through 88 are same as those in 
Fig. 22 as a related art example and corresponding de- 
scription is omitted. A numeral 20 represents an emer- 

30 gency stop information section, 21 EMG as emergency 
stop information, 22 GOFF as gating off information for 
gating off via emergency stop or servo off event, and 23 
ALM as alarm information. The emergency stop infor- 
mation section 20 includes information of EMG 21, 

35 GOFF 22 and ALM 23. 

[0054] Fig. 3 shows a flow of emergency stop infor- 
mation in an NC system according to Embodiment 1 of 
the invention. 

[0055] When an alarm ALM is input to the servo am- 

40 plifier 2a, the servo amplifier 2a executes alarm 
processing as well as appends an ALM bit to bit 0 of the 
emergency stop information section 20 of a communi- 
cation frame, then transmits the frame to the NC appa- 
ratus 1a. The NC apparatus 1a, in case an ALM bit is 

45 appended to the emergency stop information section 20 
of a received communication frame, appends an EMG 
bit to bit 2 of the emergency stop information section 20 
of a communication frame to be transmitted, in order to 
notify "occurrence of EMG." The servo amplifier 2a con- 

50 nected to the NC apparatus 1a, in case an EMG bit is 
appended to the emergency stop information section 20 
of a received communication frame, performs emergen- 
cy stop processing. While an example of numerical con- 
trol and servo amplifiers is shown in the figure, spindle 

55 amplifiers or remote I/O units may be used instead of 
servo amplifiers. 

[0056] Transmission controllers for Port 1 (P1 ) 1 5, re- 
ceiving controllers for Port 1 (P1 ) 1 6, transmission con- 
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trailers for Port 2 (P2) 17, and receiving controllers for 
Port 2 (P2) 18 of NC apparatus, driving amplifiers and 
remote I/O units, in case a receiving error is not detected 
(CRC check OK), checks the ALM/GOFF/EMG bit 
present in the emergency stop information section 20 in 
the received communication frame and respectively 
perform emergency stop processing in the case of ""oc- 
currence of EMG." 

[0057] The ALM/GOFF/EMG bit in the received com- 
munication frame is checked only when a receiving error 
is not detected, so that it is possible to convey emergen- 
cy stop information without performing unnecessary da- 
ta extraction/buffering thus enhancing the real-time con- 
veyance of emergency stop information. 
[0058] Fig. 4 shows communications between NC 
systems according to Embodiment 1 of the invention, 
where the sub cycle ts (1 11 (is) obtained by splitting the 
main cycle tm (1 .7 ms) into 1 6 pieces is used to transmit 
data. Data transmitted in the main cycle tm is split into 
1 6 pieces of data, which are transmitted in sub cycle ts1 
through ts16. An emergency stop information section is 
included in each of the 1 6 data pieces. While an exam- 
ple of numerical control and servo amplifiers is shown 
in the figure, spindle amplifiers or remote I/O units may 
be used instead of servo amplifiers. 
[0059] while a driving amplifier (servo amplifier, spin- 
dle amplifier) transmits data to the NC apparatus once 
in a main cycle in the related art apparatus so that notice 
is made only once per servo synchronization cycle, data 
is split into 16 pieces ad each data piece is transmitted 
once in a sub cycle (emergency stop information is also 
transmitted in this practice) in Embodiment 1 . This as- 
sures real-time conveyance of emergency stop informa- 
tion. 

[0060] While a main cycle of 1 .7 ms and a sub cycle 
of 111 u.s obtained by splitting the main cycle into 16 
pieces are shown in the foregoing example, the main 
cycle and the sub cycle are determined according to the 
configuration of the NC system, required accuracy and 
required specifications and thus are not limited to these 
values. 

[0061] While a servo amplifier transmits data once in 
a sub cycle in the foregoing example, the servo amplifier 
may transmit data a plurality of times in a sub cycle in 
orderto provide more frequent conveyance of emergen- 
cy stop information and to enhance real-time convey- 
ance of emergency stop information. 

Embodiment 2 

[0062] Fig. 5 shows a structure of a communication 
frame used in communications between NC systems 
according to Embodiment 2 of the invention. In the fig- 
ure, numerals 21 through 23 are same as those in Fig. 
2 shown in Embodiment 2 and corresponding descrip- 
tion is omitted. A numeral 24 represents GOFF system 
information for specifying a system to be gated off allo- 
cated to bit 4 through bit 7 of the emergency stop infor- 



mation section 20. 

[0063] Fig. 6 shows a connection between NC appa- 
ratus and servo amplifiers according to Embodiment 2 
of the invention. This is an example of an NC system 

5 where peripheral devices connected to NC apparatus 
are classified into two systems, System 1 and System 
2 for separate control. In the figure, a numeral 1a rep- 
resents NC apparatus, numerals 2b1 , 2b2 servo ampli- 
fiers constituting System 1 , 2c1 , 2c2 servo amplifiers 

10 constituting System 2, and 25b a GOFF detector con- 
nected to System 2. While an example of numerical con- 
trol and servo amplifiers is shown in the figure, spindle 
amplifiers or remote I/O units may be used instead of 
servo amplifiers. 

15 [0064] The GOFF detector 25c that constitutes Sys- 
tem 2 transmits occurrence of GOFF to the servo am- 
plifier 2c2 when gating off has occurred. The servo am- 
plifier that constitutes System 2, receiving occurrence 
of GOFF from the GOFF detector 25c, sets GOFF bit to 

20 bit 1 of the emergency stop information section 20 of a 
communication frame to be transmitted to the NC appa- 
ratus and occurrence of GOFF of System 2 to GOFF 
system information 24 in bit 4 through bit 7, while exe- 
cuting gating off processing. The servo amplifier 2c1 

25 that constitutes System 2 checks the occurrence of 
GOFF in bit 1 and instruction of System 2 in the GOFF 
system information 24 in bit 4 through bit 7, then the 
servo amplifier 2c1 and the servo amplifier 2c2 execute 
gating off processing. The servo amplifier 2b1 and the 

30 servo amplifier 2b2 that constitute System 1 together 
with the GOFF detector 25b, checking the occurrence 
of GOFF in bit 1 of the emergency stop information sec- 
tion 20 and instruction of System 2 in the GOFF system 
information in bit 4 through bit 7, continues processing 

35 without executing gating off processing. 

[0065] Embodiment 2 provides the emergency stop 
information section 20 of a transmission frame with 
GOFF information in orderto specify a system to be gat- 
ed off. In this embodiment, control systems are allocated 

40 to peripheral devices such as servo amplifiers, spindle 
amplifiers and remote I/O units and a peripheral device 
executes gating off processing only when bit 1 of the 
emergency stop information section 20 of a received 
transmit frame is "occurrence of GOFF" and a system 

45 to be gated off is specified in the GOO system informa- 
tion in bit 4 through bit 7 matches the allocated control 
system. 

[0066] As mentioned earlier, peripheral devices con- 
nected to numerical control can be controlled by splitting 

so the devices into apluralityof systems as candidates for 
simultaneous gating off. It is thus possible to gate off 
only a system that needs gating off, without gating off 
the entire NC system, that is, the other system(s) that 
requires no gating off can continue operation, thereby 

55 assuring effective operation of the NC system. 
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Embodiment 3 

[0067] Fig. 7 shows a command used in initial com- 
munications in an NC system according to Embodiment 
3 of the invention. In the figure, a numeral 30 represents 
a port connection confirmation command, 31 a re- 
sponse to a port connection confirmation command, 32a 
a port information command, 32b an I/O code appended 
by a remote I/O unit, 32c a servo code appended by a 
servo amplifier, 32d a spindle code appended by a spin- 
dle amplifier, 33a a node count notice command having 
node count data 33b representing the number of con- 
nected devices (hereinafter referred to as the node 
count) and station address data 33c, 34a a communi- 
cation timing setup command having data 34b repre- 
senting a reception timing, data 34c representing a 
transmission timing of a remote I/O unit, data 34d rep- 
resenting a transmission timing of a servo amplifier, and 
data 34e representing a transmission timing of a spindle 
amplifier. 

[0068] Fig. 8 is a flowchart in the initial communica- 
tions on the NC apparatus in an NC system according 
to Embodiment 3 of the invention. 
[0069] Fig. 9 and Fig. 10 are flowcharts in the initial 
communications on the peripheral devices (driving am- 
plifiers such as servo amplifiers and spindle amplifiers 
and remote I/O units) in an NC system according to Em- 
bodiment 3 of the invention. 

[0070] Referring to Figs. 7 through 1 0, initial commu- 
nications will be described in an NC system according 
to Embodiment 3 of the invention. 
[0071 ] The NC apparatus transmits a port connection 
confirmation command 30 from Port 2 to a peripheral 
device in step S1 shown in Fig. 8. In step S2, the NC 
apparatus checks whether the response to a port con- 
nection confirmation command 31 has been received at 
Port 2 from the peripheral device. In case the response 
to a port connection confirmation command 31 has not 
been received, the NC apparatus checks whether a pre- 
specified time has elapsed in step S3. In case the pre- 
specified time has not elapsed, execution returns to step 
S2. In case the response to a port connection confirma- 
tion command 31 is not returned when the prespecified 
time has elapsed, the NC apparatus determines con- 
nection NG in step S4. 

[0072] I n case the NC apparatus has received the re- 
sponse to a port connection confirmation command 31 , 
the NC apparatus checks whether a port information 
command 32 has been received at Port 2 from the pe- 
ripheral device in step S5. In case the port information 
command 32 has not been received, the NC apparatus 
checks whether the prespecified time has elapsed in 
step S6. In case the prespecified time has not elapsed, 
execution returns to step S5. In case the port information 
command 32 is not returned when the prespecified time 
has elapsed, the NC apparatus determines connection 
NG in step S7. 

[0073] In casetheNC apparatus has received the port 



information command 32, the NC apparatus recognizes 
the connection state of peripheral devices connected to 
the NC apparatus such as servo amplifiers, spindle am- 
plifiers and remote I/O units from the I/O code, servo 

5 code, spindle code written in the port information com- 
mand and the order of writing, then calculates the node 
count, station address and transmission timing in step 
S8. In step S9, the NC apparatus transmits a node count 
notice command 33a and a communication timing setup 

10 command 34a from Port 2. 

[0074] A peripheral device turns OFF the data 
processing mode in step S10 shown in Fig. 9. In step 
S11 , the peripheral device checks whether a port con- 
nection command 30 has been received at Port 1 or Port 

15 2. In case the port connection confirmation command 
30 has not been received, the peripheral device checks 
whether a prespecified time has elapsed in step S1 2. In 
case the prespecified time has not elapsed, execution 
returns to step 1 1 . In case the port connection confirma- 

20 tion command 30 is not returned when the prespecified 
time has elapsed, the peripheral device determines no 
connection in step S13. 

[0075] In case the peripheral device has received the 
port connection confirmation command 30, the periph- 

25 eral device checks whether the port connection confir- 
mation command has been received at Port 1 or Port 2. 
In case the port connection confirmation command 30 
has been received at Port 2, execution proceeds to step 
S30 in Fig. 1 0. In case the port connection confirmation 

30 command 30 has been received at Port 1 , execution 
proceeds to step S14. 

[0076] In case the peripheral device has confirmed re- 
ception of the port connection confirmation command 

30 at Port 1 , the peripheral device promptly returns a 
35 response to a port connection confirmation command 

31 from Port 1 to the NC apparatus as well as transmits 
the port connection confirmation command 30 from Port 
1 to downstream nodes in step S15. 

[0077] In step S16, the peripheral device has con- 

40 firmed reception of the response to a port connection 
confirmation command 31 at Port 2. In case the re- 
sponse to a port connection confirmation command 31 
has not been received, the peripheral device checks 
whether a prespecified time has elapsed in step S1 7. In 

45 case the prespecified time has not elapsed, execution 
returns to step S1 6. In case the response to a port con- 
nection confirmation command 31 is not received when 
the prespecified time has elapsed, the peripheral device 
transmits a port information command 32 from Port 1 in 

so step S1 8. In case the response to a port connection con- 
firmation command 31 is not received when the pre- 
specified time has elapsed at Port 2 in steps S16 and 
S17, the peripheral device determines that no down- 
stream nodes are connected to Port 2, that is, the pe- 

55 ripheral device is the most downstream node. 

[0078] In step S19, the peripheral device checks 
whether a port information command 32 has been re- 
ceived at Port 2. In case the port information command 



Pptpnt nrnvirlpH hv Kiinhnin Minn PI I P. - hHn//www Qnnhrii* mm 



17 



EP 1 288 755 A1 



18 



32 has not been received, the peripheral device checks 
whether a prespecif led time has elapsed in step S20. In 
case the prespecified time has not elapsed, execution 
returns to step S19. In case the port information com- 
mand 32 is not returned when the prespecified time has 
elapsed, the peripheral device determines connection 
NG in step S21. 

[0079] In case the port information command 32 is re- 
ceived at Port 2, the peripheral device appends a code 
to the tail of the received port information command 32 
in step S22 and transmits the resulting command from 
Port 1. Fig. 7(d) shows a state of the received port in- 
formation command 32a where an I/O code 32b, a servo 
code 32c and a spindle code 32d are appended in the 
orderto the remote I/O unit, servo amplifier, and spindle 
amplifier. 

[0080] In step S23, the peripheral device checks 
whether a node count notice command 33a and a com- 
munication timing setup command 34a have been re- 
ceived. In case the node count notice command 33a and 
the communication timing setup command 34a have not 
been received, the peripheral device checks whether a 
prespecified time has elapsed in step S24. In case the 
prespecified time has not elapsed, execution returns to 
step S23. In case the node count notice command 33a 
and the communication timing setup command 34a are 
not received when the prespecified time has elapsed, 
the peripheral device determines connection NG in step 
S25. 

[0081] In case the peripheral device have received 
the node count notice command 33a and the communi- 
cation timing setup command 34a in step S23, the pe- 
ripheral device recognizes in which ordinal rankfromthe 
NC apparatus the peripheral device is connected and 
its own communication timing. The peripheral device 
then retains the assigned station address, reception tim- 
ing and transmission timing in step S26. 
[0082] While in the foregoing example NC apparatus 
calculates a station address in step S8 in Fig. 8 and 
transmits node count data 33b and office address data 
33c as a node count notice command 33a to a peripheral 
device in step S9, the NC apparatus may transmit node 
count data 33b alone as a node count notice command 
33a without calculating a station address and the pe- 
ripheral device may calculate the station address based 
on the node count data 33b. In this case, it is necessary 
to transmit the calculated station address to the NC ap- 
paratus. 

[0083] Fig. 10 shows the processing in a peripheral 
device performed in case reception of a port connection 
confirmation command 30 is confirmed at Port 2 in step 
S11 in Fig. 11. Steps S30 through S42 in Fig. 10 are the 
similar to steps S14 through S26 that branches in case 
reception of a port connection confirmation command 
30 is confirmed at Port 1 in the step S11 , although the 
role of Port 1 is opposite to that of Port 2. 
[0084] In Embodiment 3, NC apparatus and peripher- 
al devices that constitute an NC system shown in Figs. 



8 through 10 check the connection state of peripheral 
devices and set an office address and a transmission 
timing in a communication cycle in time-division-based 
communications in accordance with flowcharts shown 
5 in Figs. 8 through 10. This prevents a setting error in 
setting IDs and omits cumbersome work and ID setup 
switches. 

Embodiment 4 

10 

[0085] Fig. 11 shows the state of data transmission by 
an optical transmission module in an NC system accord- 
ing to Embodiment 4 of the invention. In the figure, a 
numeral (X1, X2) represents a servo synchronization 

is signal output delay time from reception of a servo syn- 
chronization frame by a servo amplifier (#1 , #2) to output 

of a servo synchronization signal, Y (Y1 , Y2 Y37) a 

transmission timing for a servo amplifier (#1 , #2 #37) 

to transmit reception of a servo synchronization frame 

20 after receiving a servo synchronization frame. While an 
example of numerical control and servo amplifiers is 
shown in the figure, spindle amplifiers or remote I/O 
units may be used instead of servo amplifiers. 
[0086] In case synchronous control is made, a servo 

25 amplifier uses a synchronization signal to start synchro- 
nous control processing. In a serial connection using op- 
tical transmission modules, the time from reception of a 
servo synchronization frame by NC apparatus to recep- 
tion of a servo synchronization frame by a servo ampli- 

30 fier is subject to a delay caused by data processing. That 
is, a time lag occurs in the synchronization signal receiv- 
ing time depending on in which ordinal rank from the NC 
apparatus the servo amplifier is connected. 
[0087] A receiving controller of a servo amplifier ac- 

35 cording to Embodiment 4 calculates the servo synchro- 
nization signal output delay time X (X1 , X2,...) as a time 
required until the servo amplifier #37 connected most 
downstream receives a servo synchronization frame af- 
ter a servo synchronization frame is received from the 

40 NC apparatus acting as a host in initial communications. 
After that, the receiving controller, receiving a servo syn- 
chronization frame, outputs a servo synchronization sig- 
nal with a delay of the servo synchronization signal out- 
put delay time X. A transmission controller of a servo 

45 amplifier according to Embodiment 4 determines in 
which ordinal rank the servo amplifier is connected 
based on the connection information on peripheral de- 
vices, and calculates the transmission timing Y (Y1 , 
Y2, Y37). After that, the transmission controller, re- 

50 ceiving a servo synchronization frame, transmits recep- 
tion of a servo synchronization frame with a delay of the 
transmission timing Y. 

[0088] In the case of a servo amplifier #1 for example, 
the servo amplifier #1 transmits reception of a servo am- 
55 pljfier frame immediately after it has received a servo 
synchronization frame, but transmits a servo synchroni- 
zation signal with a delay of the servo synchronization 
signal output delay time X. In the case of a servo ampli- 
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fier #37 connected most downstream, the servo ampli- 
fier #37 outputs a servo synchronization signal immedi- 
ately after it has received a servo synch ron ization frame, 
but transmits reception of a servo amplifier frame with 
a delay of the transmission timing Y37. 
[0089] A servo amplifier according to Embodiment 4, 
receiving a servo synchronization frame, outputs a ser- 
vo synchronization signal when the servo amplifier con- 
nected most downstream has received a servo synchro- 
nization frame. This allows correction of out-of-synchro- 
nization between servo amplifiers caused by a transmis- 
sion delay so that a synchronization timing is provided, 
thereby performing synchronization processing of a plu- 
rality of servo amplifiers constituting an NC system. Re- 
ception of a servo synchronization frame is transmitted 
with a timing calculated based on the connection infor- 
mation on the peripheral devices obtained in initial com- 
munications. This prevents overlapping of transmission/ 
reception timings caused by a transmission delay due 
to data processing. 

Embodiment 5 

[0090] Fig. 12 shows a transmit frame transmission 
timing setup command for communications between 
servo amplifiers in an NC system according to Embod- 
iment 5 of the invention. In the figure, a numeral 35 rep- 
resents an inter-servo-amplifier communication frame 
transmission timing setup command transmitted from 
NC apparatus to a servo amplifier #1 , 35a an inter-ser- 
vo-amplifier communication frame transmission timing 
setup command, 35b an address destined for the servo 
amplifier #1 , and 35c a transmission timing value. A nu- 
meral 36 represents an inter-servo-amplifier communi- 
cation frame transmission timing setup command trans- 
mitted from NC apparatus to a servo amplifier #2, 36a 
an inter-servo-amplifier communication frame transmis- 
sion timing setup command, 36b an address destined 
for the servo amplifier #2, and 36c a transmission timing 
value. 

[0091] When communications between servo amplifi- 
ers, in step S8 in the flowchart for initial communications 
on NC apparatus shown earlier in Fig. 8, the NC appa- 
ratus recognizes the number of peripheral devices con- 
nected as an NC system and the connection order then 
calculates a reception timing and a transmission timing 
as well as calculates a transmission timing for the servo 
amplifier #1 to transmit a communication frame #11 and 
a transmission timing for the servo amplifier #2 to trans- 
mit a communication frame #12 based on the data vol- 
ume of communication frames transmitted from the NC 
apparatus to servo amplifiers, the data volume of the 
communication frame #11 which the servo amplifier #1 
transmits to the servo amplifier #2 and the data volume 
of the communication frame #1 2 which the servo ampli- 
fier #2 transmits to the servo amplifier #3, then transmits 
an inter-servo-amplifiercommunication frame transmis- 
sion timing setup command 35, 36 to a servo amplifier. 



[0092] In step S26 in the flowchart for initial commu- 
nications on a peripheral device shown earlier in Figs. 
9 and 10, a servo amplifier that performs communica- 
tions between servo amplifiers retains a reception timing 

5 and a transmission timing transmitted from NC appara- 
tus as well as retains an inter-servo-amplifier communi- 
cation frame transmission timing setup command 35, 36 
transmitted from the NC apparatus. 
[0093] A servo amplifier that performs communica- 
te tions between servo amplifiers performs communica- 
tions between servo amplifiers based on the inter-servo- 
amplifier communication frame transmission timing set- 
up command 35, 36 without overlapping the communi- 
cations between servo amplifiers on the communica- 

15 tions from NC apparatus to a servo amplifier. 

[0094] Fig. 13 shows a flow of data transmitted from 
NC apparatus to servo amplifiers in an NC system ac- 
cording to Embodiment5 of the invention. Fig. 14shows 
a flow of data transmitted from servo amplifiers to NC 

20 apparatus in an NC system according to Embodiment 5 
of the invention. In the figure, data flow is explained tak- 
ing as an example an NC system where NC apparatus, 
a servo amplifier #1, a servo amplifier #2 and a servo 
amplifier #3 are daisy-chained. 

25 [0095] The NC apparatus transmits communication 
data from Port 1 to the servo amplifier #1 . 
[0096] The servo amplifier #1, receiving at Port 1 com- 
munication data transmitted from the NC apparatus, 
transmits a servo amplifier #1 transmit frame from Port 

30 1 to NC apparatus. Then, the servo amplifier #1 trans- 
mits from Port 2 to the servo amplifier #2 communication 
data transmitted from the NC apparatus and communi- 
cation data #11 passed from the servo amplifier #1 to 
the servo amplifier #2. 

35 [0097] The servo amplifier #2, receiving at Port 1 com- 
munication data transmitted from the NC apparatus via 
the servo amplifier #1 and communication data #11 from 
the servo amplifier #1, transmits servo amplifier #1 
transmit frame from Port 1 . Then, the servo amplifier #2 

40 transmits from Port 2 to the servo amplifier #3 commu- 
nication data transmitted from the NC apparatus and 
communication data #12 passed from the servo ampli- 
fier #2 to the servo amplifier #3. In this case, when the 
address in the communication frame of communication 

45 data #11 from the servo amplifier #1 specifies the servo 
amplifier #3 also, the servo amplifier #2 also transmits 
communication data #11 to the servo amplifier #3. 
[0098] The servo amplifier #3, receiving at Port 1 com- 
munication data transmitted from the NC apparatus via 

so the servo amplifier #1 and the servo amplifier #2, com- 
munication data #11 from the servo amplifier #1 and 
communication data #12 from the servo amplifier #2, 
transmits servo amplifier #3 transmit frame from Port 1 . 
[0099] The servo amplifier #2, receiving at Port 2 ser- 

55 vo amplifier #3 transmit frame from the servo amplifier 
#3, transmits the servo amplifier #3 transmit frame from 
Port 1 to the servo amplifier #1 . 

[0100] The servo amplifier #1, receiving at Port 2 ser- 
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vo amplifier #2 transmit frame or servo amplifier #3 
transmit frame from the servo amplifier #2, transmits the 
servo amplifier #1 transmit frame 1 or servo amplifier #3 
transmit frame from Port 1 to the NC apparatus. 
[0101] The NC apparatus receives at Port 1 the servo 5 
amplifier #1 transmit frame, servo amplifier #2 transmit 
frame and servo amplifier #3 transmit frame transmitted 
from the servo amplifier #1 . 

[0102] While the foregoing example explains the op- 
eration of servo amplifiers specified in the address of a 
communication frame in communications between ser- 
vo amplifiers, servo amplifiers to perform communica- 
tions between servo amplifiers may be specified as a 
common address. 

[0103] According to Embodiment 5, communications 
between servo amplifiers is possible not via NC appa- 
ratus so that high-speed inter-shaft correction is al- 
lowed. 

[0104] In communications using related art optical 
transmission modules. ALM information is only transmit- 
ted in upstream direction of the connection so that servo 
amplifiers downstream in the connection of a servo am- 
plifier where an alarm has taken place cannot receive 
the corresponding ALM information. These servo rec- 
ognizes the ALM information only when they have re- 
ceived a communication frame the NC apparatus trans- 
mitted after receiving the ALM information. In Embodi- 
ment 5, it is possible to promptly transmit ALM informa- 
tion also to servo amplifiers downstream in the connec- 
tion of a servo amplifier where an alarm has taken place. 
[0105] While communications between servo amplifi- 
ers are described in the foregoing example, communi- 
cations between peripheral devices including servo am- 
plifiers, spindle amplifiers and remote I/O units that con- 
stitute an NC unit are likewise possible and correspond- 
ing description is omitted. 

[0106] Communications between a driving amplifier 
(servo amplifier, spindle amplifier) and a remote I/O unit 
are made available so that a driving amplifier can direct- 
ly fetch data from a remote I/O unit for high-speed 
processing. 

Embodiment 6 

[0107] Fig. 15 is a logic diagram showing a feature to 
relay-transmit an emergency stop related signal in a 
communication controller in an NC system according to 
Embodiment 6 of the invention. 
[0108] In case a communication frame receivedbya 
Port 1 receiving controller/Port 1 receiving controller in- 
cludes information related to emergency stop (Rx1- 
ALM/Rx2-ALM, Rx1-GOFF/Rx2-GOFF, Rx1-EMG/ 
Rx2-EMG), output processing such as ALM output, 
GOFF output and EMG output is performed. The infor- 
mation related to emergency stop (Rx1-ALM/Rx2-ALM, 
Rx1 -GOFF/RX2-GOFF, Rx1 -EMG/Rx2-EMG) is latched 
(ALM1/ALM2, GOFF1/GOFF2, EMG1/EMG2) and 
emergency stop information (Tx1 -ALM/Tx2-ALM, 



Tx1-GOFF/Tx2-GOFF,Tx1-EMG/ r Tx2-EMG) is append- 
ed to a communication frame to be transmitted from the 
Port 1 transmission controller/ Port 1 transmission con- 
troller, together with information related to emergency 
stop such as ALM input, GOFF input and EMG input. 
[0109] In communications using related art optical 
transmission modules, in case transmission abnormal- 
ities such as a bit error caused by a noise during data 
processing of information related to emergency stop in 
a driving amplifier in transmitting/receiving a signal re- 
lated to emergency stop such as ALM, GOFF, and EMG, 
information related to emergency stop is not conveyed 
to the NC apparatus within the communication cycle 
thus causing a delay in emergency stop. I N Embodiment 
6, the emergency stop information is relay-transmitted 
thus reducing the risk of delay in conveyance of emer- 
gency stop information caused by transmission errors. 

Embodiment 7 

[01 1 0] Fig. 1 6 shows a feature to prevent occurrence 
of an unnecessary start flag in a communication control 
buffer in an NC system according to Embodiment 7 of 
the invention. 

[0111] In order to prevent a specific pattern as a flag 
from occurring during data processing of effective data 
in communications using optical transmission modules 
as a related art example, the number of data pieces in 
one-round transmit frame is limited so as to prevent the 
pointer passing phenomenon and the write pointer 92 is 
placed 1 6 bits apart from the read pointer each time the 
flag of a frame is received. Limitation n dummy data 
pieces is difficult in data processing of dummy data in 
idle state so that a countermeasure against occurrence 
of a specific bit pattern remains difficult. 
[0112] For example, as shown in Fig. 16(a), in case 
the read pointer has moved when data having the bit 
structure "01 1 01 1 01 001 1 " is being read with the specific 
bit pattern as a flag being "01111110" and the bit struc- 
ture "001" is skipped and the next data to read has the 
bit structure "1111 0," the resulting bit structure is 
"01111110" which is a specific bit pattern serving as a 
flag, causing the bit pattern to be determined as a flag. 
[0113] In Embodiment 7, In case the read pointer of 
bit FIFO in the communication control buffer (not shown) 
has passed the write pointer or in case the communica- 
tion control buffer is reset, a bit pattern obtained after 
the read pointer has moved is changed so that it will not 
match a specific bit pattern serving as a flag. For exam- 
ple, as shown in Fig. 1 6(b), in case the bit patterns com- 
bined in case the read pointer has moved results in the 
specific bit pattern "01111110" serving as a flag, a bit is 
changed to "0" to change the bit pattern to one that does 
not match the specific bit pattern serving as a flag. 
[01 1 4] Concerning the data processing of dummy da- 
ta in idle state, it is also possible to prevent inadvertent 
occurrence of a bit pattern serving as a flag. 
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Embodiment 8 

[0115] Fig. 17 shows a method for providing a balance 
with the bit count in a flag in data transmission using 
optical transmission modules in an NC system accord- s 
ing to Embodiment 8 of the invention. 
[0116] In Fig. 17(a), in case the bit pattern of the start 
flag is "001111110" and dummy data provided at the 
head and tail of a transmit frame is "011 00011 01 after 
the start flag is transmitted, dummy data with the bit pat- 10 
tern changed to "001 001 001 0" is transmitted in order to 
provide a balance of bit count with the start flag (the 
number of 1 s is equal to the number of 0s for start flag 
+ dummy data). 

[0117] In Fig. 17(b), in case the bit pattern of the start is 
flag is "001111110" and dummy data provided at the 
head and tail of a transmit frame is "01 1 0001 1 01 ," a plu- 
rality of combinations of a bit pattern and dummy data 
(three in the figure) are transmitted in order to provide 
a balance of start flag and bit count (the number of 1s 20 
is equal to the number of 0s for start flag + dummy data). 
[0118] In Embodiment 8, the bit pattern of a start flag 
is combined with dummy data for transmission in order 
to provide a balance of start flag and bit count. Thus it 
is possible to readily solve the problem of imbalance be- 25 
tween the incidence of 1s and 0s in a single communi- 
cation cycle caused by a flag, thereby successfully ex- 
tracting the data component and the clock component 
in the receive data. 

30 

Industrial Applicability 

[0119] As mentioned earlier, the invention allows 
high-speed and efficient communications between de- 
vices in a numerical control system having numerical 35 
control apparatus and peripheral devices composed of 
at least one of a servo amplifier, a spindle amplifier and 
a remote I/O unit, and enables automatic recognition of 
peripheral devices connected. Thus the invention is fit 
for use in a numerical control system where a large 40 
number of peripheral devices are included. 

Claims 

45 

1 . A numerical control system wherein numerical con- 
trol apparatus and peripheral devices composed of 
at least one of a servo amplifier, a spindle amplifier 
and a remote I/O unit are serially connected by us- 
ing a communication cable composed of a data so 
transmission cable for transmission and a data 
transmission cable for reception in order to perform 
time-division-based communications between said 
numerical control apparatus and said peripheral de- 
vices, characterized in that a communication cy- ss 
cle in communications between said numerical con- 
trol apparatus and said peripheral devices is split 
into a plurality of sub cycles in order to process data 



to be processed in said communication cycle in said 
split plurality of sub cycles. 

2. A numerical control system according to claim 1 , 
characterized in that an emergency stop informa- 
tion section is provided in a communication frame 
used in communications between said numerical 
control apparatus and said peripheral devices in or- 
der to provide an emergency stop information sec- 
tion in each piece of data split into said plurality of 
sub cycles. 

3. A numerical control system according to claim 2, 
characterized in that a receiving controller in each 
of said numerical control apparatus and said periph- 
eral devices checks the emergency stop informa- 
tion section in the received communication frame 
irrespective of the station address specified in the 
transmitted communication frame in case a receiv- 
ing error has not occurred. 

4. A numerical control system according to claim 2, 
characterized in that a gating off system informa- 
tion section for specifying a system to be gated off 
in said communication frame, that said numerical 
control apparatus specifies a system to be gated off 
in said gating off system information section before 
transmitting the frame to said peripheral device in 
case gating off is to be instructed, and that said pe- 
ripheral device performs gates off said peripheral 
device on a per gating off system specified, by per- 
forming gating off when the system that belongs to 
the gating off system information section of a re- 
ceived communication frame is specified as a gat- 
ing off system. 

5. A method for setting a communication timing in the 
numerical control system, wherein numerical con- 
trol apparatus and peripheral devices composed of 
at least one of a servo amplifier, a spindle amplifier 
and a remote I/O unit are serially connected by us- 
ing a communication cable composed of a data 
transmission cable for transmission and a data 
transmission cable for reception in order to perform 
time-division-based communications between said 
numerical control apparatus and said peripheral de- 
vices, 

wherein said numerical control apparatus fol- 
lows a step of transmitting a port connection confir- 
mation command to said peripheral device in initial 
communications, 

a step of recognizing the connection state of 
said peripheral devices and calculating the number 
of said peripheral devices connected and the trans- 
mission timing of each of said peripheral devices 
from the number of model codes and the order of 
model codes appended to a port information com- 
mand in case a response to a port connection con- 
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firmation command and a port information com- 
mand are received from said peripheral device, and 

a step of transmitting said calculated number 
of connections and transmission timing to said pe- 
ripheral device as a node count notice command 5 
and a communication timing setup command, and 

wherein said peripheral device follows, on re- 
ceiving said port connection confirmation com- 
mand, a step of transmitting said response to a port 
connection confirmation command to upstream io 
nodes as well as transmitting said port connection 
confirmation command to downstream nodes, 

a step of appending a model code allocated 
to said port information command in advance and 
transmitting the resulting command to upstream is 
nodes, and 

astep of retaining said number of connections 
and transmission timing specified in said node 
count notice command and communication timing 
setup command in case said node count notice 20 
command and communication timing setup com- 
mand are received, 

characterized in that the communication 
timing of said peripheral device is automatically set 
via initial communications between said numerical 25 
control apparatus and said peripheral devices. 

6. A numerical control system according to claim 1, 
characterized in that said peripheral device, on re- 
ceiving a synchronization frame transmitted from 30 
said numerical control apparatus in initial commu- 
nications, outputs a synchronization signal and cal- 
culates the time required for said peripheral device 
as the most downstream node to receive said syn- 
chronization frame. 35 



eral devices and the data volume of communication 
frames transmitted by said peripheral devices in 
communications between peripheral devices, and 
transmits the transmission timing to said peripheral 
devices, 

and that said peripheral device retains the 
node count and transmission timing transmitted 
from said numerical control apparatus in initial com- 
munications as well as the transmission timing in 
communications between peripheral devices in or- 
der to perform communications between peripheral 
devices by using the transmission timing in the com- 
munications between peripheral devices. 

9. A numerical control system according to claim 1 , 
wherein said numerical control apparatus and said 
peripheral device each has a transmission control- 
ler for Port 1 , a receiving controller for Port 1 , a 
transmission controller for Port 2, and a receiving 
controller for Port 2, 

characterized in that said numerical control 
apparatus, on occurrence of an alarm, transmits 
alarm information to devices connected upstream 
of said transmission controller for Port 1 as well as 
nodes downstream of said transmission controller 
for Port 2. 

10. A numerical control system according to claim 9, 
characterized in that information such as an 
alarm, gating off, and emergency stop included in a 
communication frame received by Port 1 receiving 
controller or Port 2 receiving controller is latched 
and the information is appended to a communica- 
tion frame to be transmitted from a Port 2 transmis- 
sion controller or Port 1 transmission controller. 



7. A numerical control system according to claim 6, 
characterized in that said peripheral device calcu- 
lates a transmission timing that considers a trans- 
mission delay between peripheral devices based on 40 
the connection information transmitted from said 
numerical control apparatus in initial communica- 
tions. 

8. A numerical control system according to claim 6, ^ 
wherein said numerical control apparatus and said 
peripheral device each has a transmission control- 
ler for Port 1, a receiving controller for Port 1, a 
transmission controller for Port 2, and a receiving 
controller for Port 2, so 

characterized in that said numerical control 
apparatus recognizes the connection state of said 
peripheral devices, calculates the number of said 
peripheral device nodes and the transmission tim- 
ing of each of said peripheral devices, calculates 55 
the transmission timing in communications between 
said peripheral devices from the data volume of 
communication frames transmitted to said periph- 



11. A numerical control system according to claim 1, 
characterized in that, in case the write pointer is 
out of synchronization with the read pointer in the 
communication control buffer or in case the com- 
munication control buffer is reset, a first bit pattern 
output after the read pointer has moved is not a spe- 
cific bit pattern serving as a flag. 

12. A numerical control system according to claim 1, 
characterized in that dummy data is created for 
balancing the bit pattern of a start flag and the bit 
count in data transmission using optical transmis- 
sion modules so as to transmit the dummy data in 
combination with the start flag. 
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FIG. 21 (a) 
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FIG. 22 
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